P : not more than 0.03%, 
S : not more than' 0.05%, 
Cr : 0.9 to 2.0%, 
V : 0.03 to 0.3%, 
Al : 0.003 to 0.10%, 
N : 0.001 to 0.02%, and 
O : not more than 0.003%, 
wherein the balance comprises Fe and impurities, and 

the carbon equivalent Ceq. (%) defined by the following equation is 0.60 to 0.85. 

Ceq. = C + Mn / 6 + (Cr + Mo + V) / 5 + (Ni + Cu) / 15, the non-heat treated 
seamless steel tube having a bainite-based structure. 

Critical to note in this claim is the term "non heat treated", the carbon content, 
the manganese content, the vanadium content and the chromium content. 

Turning now to the rejection, the Examiner has withdrawn the previous grounds 
of rejection in favor of JP 2003-64449 (JP '449). In making this rejection, the Examiner 
first alleges that the composition of JP '449 overlaps that which is claimed. Secondly, 
the Examiner contends that the composition of JP '449 would meet the claimed formula 
and therefore, the formula lends no patentable weight to the claim. Lastly, the 
Examiner recognizes that JP '449 teaches a heat treated steel, but contends that 
claiming a "non-heat treated steel" does not make a patentable distinction. As grounds 
for drawing this conclusion, the Examiner treats the claim as a product claim that is 
indistinguishable from the prior art product and Applicant has not yet established that 
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the claimed non-heat treated steel product is distinct from the prior art heat treated 
steel product. 

Applicants assert that the heat treated steel of JP M49 does not render the non- 
heat treated steel of claim 1 obvious. The reason for the traversal is three-fold. First, 
basic metallurgical principles establish that a heat treated steel is not the same as a 
non-heat treated one. Evidence supporting this contention with accompanying 
arguments is submitted in this regard. 

Secondly, there is no motivation to arrive at the invention given the teachings of 
JP M49 and this reference cannot establish a prima facie case of obviousness against 
claim 1. 

Lastly, the Examiner cannot ignore the claim limitation of "non-heat treated" 
when considering the patentability of claim 1. When taking this limitation into account, 
JP M49 does not obviate claim 1. 

On the first point, JP M49 discloses a heat resisting low alloy steel tube 
comprising a composition that could be considered similar to that claimed. Further, the 
steel tube is described as having a bainite structure. However, this is where the 
similarity end since the steel tube of JP x 449 is continuously heat treated. The Examiner 
admits to this point. In spite of this admission, the Examiner continues to assert that 
the steel of JP '449 would be the same but for a slight variation in composition, and 
that one of skill in the art would find it obvious to slightly alter the ranges of JP '449 so 
as to arrive at the claimed steel tube. 
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The flaw in this reasoning is characterizing the issue as one of a difference in 
composition only. The real issue is not only composition but structure, and whether the 
product of JP '449, taking into account composition and structure renders claim 1 
obvious. The structural difference must be taken into account when examining claim 1, 
and when doing so, JP '449 does not teach that which is claimed. 

In effect, the Examiner has given no weight from a claim structural standpoint to 
the fact that claim 1 is directed to a non-heat treated steel tube. Applicant contends 
that this is error when considering that which is well known in the art. That is, heat 
treating a steel is commonly recognized in metallurgy as a microstructure-changing 
event. Since this is fundamental aspect of metallurgy, claiming a "non-heat treated 
seamless steel tube" on its face does not require a further showing that the steel tube 
of claim 1 is different than the heat treated steel tube of JP '449. 

Put another way, one of skill in the metallurgical arts would readily know that the 
structure of a non-heat treated tube of a given composition would not be the same as 
steel tube of the same composition that is heat treated. Even when the compositions 
are the same, which is not the case here, the steel microstructure would be different. 
This common knowledge directly contrasts with the Examiner's contention that, on its 
face, the heat treated steel of JP '449 and the non-heat treated steel of claim 1 are the 
same or similar. As between the two, the common knowledge in the art is the 
measuring rod, and when this rod is used, the only conclusion to be drawn is that the 
Examiner's contention that the only difference between JP '449 and claim 1 is a small 
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variation in composition is in error. This error fatally taints the rejection and requires its 
withdrawal. 

In essence, the Examiner has placed the burden of showing that the claimed 
steel tube has a structure different from the prior art steel tube when common 
knowledge in the metallurgical arts already establishes this difference. 

While it has been argued that common knowledge in the metallurgical arts says 
that it is improper to conclude that the heat treated steel tube of JP H49 is the same as 
claimed, Applicants provide evidence to support their position with respect to the 
common knowledge in the art. Submitted herewith is a copy of ISD International, Vol. 
39 (1999), pp, 947-954. Particular reference should be made to Figures 7(a) and 7(b) 
and their relevant descriptions. These Figures show transmission electron micrographs 
of extraction replica from the specimens that are normalized or normalized and 
tempered, respectively. The specimen being examined is a steel having a composition 
of 0.06% C, 2.25% Cr, 1.6% W, 0.1% Mo, 0.25% V, and 0.05% Nb. It should be 
noted that this composition is similar to that at issue in this application. 

The normalized specimen of Figure 7(a) shows Fe3C type carbides inside the 
grains. In addition, fine precipitates of NbN and NbC have been identified. 

In the normalized and tempered specimen of Figure 7(b), M23C6 type carbides 
are observed to precipitate along the former austenite grain boundaries. This carbide 
contains a higher amount of Fe. 

Contrasting the normalized specimen with the normalized and tempered 
specimen, only fine Fe3C type carbide is observed without M23C6 type carbides along the 
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former austenite grain boundaries in the normalized or non-heat treated steel. 
Moreover, the density of dislocations of the normalized but non-tempered steel is higher 
than that of the tempered steel tube. This comparison substantiates the contention 
that a heat treated steel tube does not have the same structure as a non-heat treated 
steel tube of the same composition. The submission of this evidence rebuts the 
Examiner's contention that the heat treated steel tube of JP x 449 is the same or similar 
as the non-heat treated seamless steel tube claimed. Therefore, the Examiner must 
admit that JP '449 fails to teach a non-heat treated steel tube of the claimed 
composition, and thus also address this structural difference from an obviousness 
standpoint. 

At this point, the Examiner could still contend that it would be obvious to omit 
the heat treating of JP '449. However, such an allegation lacks motivation to do so. 

JP '449 explicitly teaches that the tube should be heat treated in a continuous 
heat treatment furnace to obtain the desired bainite structure so as to minimize the 
occurrence of flaws and improve high temperature strength. JP '449 teaches away 
from producing the steel in a non-heat treated form, and there can be no justification 
for omitting the heat treating step from JP '449. This teaching away further 
substantiates Applicant's contention that there is no legitimate basis to modify JP M49 
to arrive at the invention. 

In fact, the only source for such a modification would be the Applicant's 
invention and a rejection of this nature would be solely based on hindsight and thus 
improper. 
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The Examiner's attention in this regard is also directed back to the basics of the 
invention. What Applicant has done is to make a steel tube that has high strength and 
high toughness and prevents cracks from being generated at a welding part. This is 
accomplished by the following: 

1) Control of the carbon so as to be les than 0.17%. 

2) Refraining from heat treating of the steel. 

3) Control of Mn in the range of 1.5-2.5%, control of Cr in the range of 0.9 to 
2.0%, and control of V in the range of 0.03 to 0.3% in order to compensate the 
deterioration of strength because of the lowering of carbon content and providing a 
bainite based structure. 

The invention as described above cannot be derived from JP '449 since there is 
no reason for the artisan to practice all of (1) to (3). As stated above, the only reason 
to arrive at the invention would be knowing the invention beforehand, and this cannot 
be the basis for a rejection under 35 U.S.C. § 103(a). 

Lastly, the Examiner could allege that claim 1 is indistinguishable from JP '449 on 
the grounds that the preamble language of "A non-heat treated seamless steel tube" 
does not merit consideration from a patentability standpoint. Such an allegation would 
also be improper. MPEP Section 2110.02 explicitly states that any terminology in the 
preamble that limits the structure of the claimed invention must be treated as a claim 
limitation. This is clearly the case here and the Examiner cannot ignore the limitation in 
question when formulating a rejection under 35 U.S.C. § 103(a). 
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Admitting that JP '449 does not teach the claimed composition and having to 
examine the steel of claim 1 as a non-heat treated seamless steel tube, the cited 
reference cannot be relied upon under 35 U.S.C. § 103(a) to reject claim 1. Since claim 
1 is patentable over the applied prior art, its dependent claims are also in condition for 
allowance. 

Accordingly, the Examiner is respectfully requested to examine this application in 
light of this amendment, and pass claims 1-4 onto issuance. 

If the Examiner believes that an interview with Applicant's attorney would be 
helpful in expediting prosecution of this application, the Examiner is invited to 
telephone the undersigned at 202-835-1753. 

The above constitutes a complete response to all issues raised in the Office 
Action dated December 18, 2006. 

Again, reconsideration and allowance of this application is respectfully requested. 

Please charge any fee deficiency or credit any overpayment to Deposit Account 
No. 50-1088. 
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The effect of trace elements such as Mn and B on creep properties of 0.06C~2.2SCr-1 Mo-0.25V- 
0.05Mb has been Investiflatod from the standpoints of a long-term micrcstructural stability. The chemical 
analysis of extracted residues and TEM observation show fJ\at the MwC fl carbide and/or carbides, 
precipitated by tempering are r-splaced by M 0 C with a concentration of W;/.e.. the amount of W in solution 
reduces during creep. On the other hand, MX type carbides such as VC and NbC are very stable during 
tong-tsrm afl ing ana contribute to the creep strength by obstructing the dislocation annihilation. 

One of The roost significant results is that a reduction in Mn-contem;iovy«rs the minimum creep rate, 
resulting in an increase in the creep rupture time. The nudeation. and/or growth of M 0 C'ara retarded with 
reducing Mn-content, thereby ihe increase in dissolved W seems to enhance the resistance to creep 
deformation,. Another significant result is That an increase in B-oontent has datayed the transition from the 
primary creep to a tertiary creep stage. The principal roles of 6 are stabilizing M M C t or M 23 (C,B)« on former 
austenite grain boundaries and retarding the dynamic recrvslaliization during creep. In- addition, in the 
specimens with higher amount of 8, the bainrte lath interface is covered by MX and soma filmy precipitates 
with high density, thereby the softening resistance is enhanced. 

KEY WORDS: heat resistant low alloy steel; creep; carbide; precipitation. 



L Introduction 

A repent majority of the heat resistant steels used in 
the power plants is based on lowC-Or steels staining 
Mo, W, V, and Nb so as to increase the creep resistance. ' 1 

Among tew-Cr steeis. a 0.0601J5Cr-l.6W^JMo- 
0>25V-~O.O$Nb ferritic steel has extremely high creep 
Strength as approTrimatcly l.j times of that of con- 
ventional 2.25Cr-lMo steel by substituting W for a 
part of Mo and micro alloying V and Nb; 1 "^ A reduc- 
tion in eContent leaxls to a, bainilic structure with- 
out martensitic phases, thereby allows it to be used in 
as-welded coucUu'ons without pxe-weld and post-weld 
heat treatments. Field evaluation tests using utility boilers 
with a large a^city have shown that this steel is widely 
applicable for boiler materials, replacing conventional 
Cr-Mo steels. 35 

The approaches to an increase in creep strength of the 
present steels arc cfcarateraed a$ follows. (1) The 
stabilization of matrix must lead to the higher creep 
strength. (2) It has already been recognized that V and 
Nb prectpitatc as fine MX carbomtrides, which ob- 
structed the motion of dislocations. 6 (J) W is known 
to cause a solution strengthening effcer due to the 
difference in atomic radii between it9elf and iron. 8 ? In 
addittoiv the low diffusion constant is considered to delay 
the migration of grain boundary, and tber> raise the 
recrystalliTatipn temperatures, 3 0> Previous studies have 



shown that various kinds of carbide phases such as 
M 23 C«, M 6 C, M 7 Cj, M 2 C, and M 3 C can precipitate 
simultaneously In tbepresent steels and their morphology 
and volume fraction was complex depending on heat 
ux&tments and operating temperatures. ,i, The trace 
elements such as Mn and B art expected to change the 
carbon activity or interface energy, thereby change the 
nucleation site, the carbide phase stability, and its 
morphology. 

The main purpose of this study is to clarify the effect 
of 'Mn and B content on creep properties in 0.06G- 
2.2SQr-l, WH)^IMo-J).25V-0.05Nb steels with a par- 
ticular emphasis on the microstructural stability, The 
microstructural evolution was evaluated from the point 
of carbide precipitation kinetics and alloying partition- 
mg, 

2. Experimental Proce&r* 

Materials with three different levels of Mn-eonrjeme and 
two levels of B-content were vacuum induction melted 
and processed by hot forging into ljmnvthick plates. 
The chemical compositions of materials are given in Table 
1. The plates were normalized for 30min at 1323K 
followed by axr-cfooijng, and then tempered for I hr at 
1 043 K followed by air-cooling. Some of these plates 
were aged for from 1 000 to 10000 hi at 373 K and 923 K. 

The creep rupture tests were carried out by using mono 
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axial tensile specimens with 6 mm in diameter and 30 nun 
in gauge length at 873 K and 923 K. In some specimens, 
the creep strain wa$ monitored during the creep test, the 
micra^cture of the specimen crept or aged for a long 
time was examined at both light and electron optica] 
levels. Transmission electron microscope observations 
were carried out by using tf>irt foils from the specimens 
pr$pt 2% in strain and aged for a long time at 925 K. 
The: precipitates were also identified using extraction 
replica by transmission electron microscope (HITACHJ- 
U700H) operated at iOOkV with EDX {Kevex delta 3). 
The amount of precipitates was estimated by the quan- 
titative chemical analysis and X-ray diffraction intend 
ly of the extracted residues from the aged spedmens. 

In order to examine the effect of alloying elements 
on phase stability and ,thc alloying partitioning, the 
corresponding equilibrium phase diagrams were cal- 
culated using thermodynamic software, THERMO 

3. Experimental Results 
3.1. Creep Rupture Properties 

Optical microscope observation has shown that all the 
present specimens normalized and tempered consist of a 
fully tempered bainitic phase without ce-fciriie, It was 
confirmed that the tensile properties are little affected by 
Mn- and B- content. 

The effect of Mn- and B-conteni on creep rupture time 
of 0.06C-2.25O-1 .6W-0. 1 McM>.25V^05Nb-Mn~B 
stcds normalized and tempered is shown in Wg, 1, It 
can be seen that the creep rupture strength has increased 
with decreasing Mns:ontent at 873 K and 923 K. Another 
important point is that the increase in Boontem slightly 
reduces over a shorter time, but exhibits a remarkable 
increase for a longer exposure time over 500 hr; The 
effect of B is optimized in the specimens with a lower 
2mount of Mn-at 873 K, though it reduces at a lower 
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stress at 923 K. 

The creep curves and creep-rate curves tested at 873 K 
a* an applied stress of,167 MPa are shown in Figs. 2 and 
3 respectively. The creep curves consist of a primary or 
transitional, creep regiorj, where the creep rate decreases 
with time, and a tertiary or accelerational creep region, 
where tfie creep rate increase!} with time after reaching 
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a -minjaum creep rate. It can be observed that the 
i^i&tfon in Mn<ontent has reduced the creep rate in 
every creep period. On the other hand, the increase in 
B^cbotenl chants the creep rate slightly during tfee 
primary creep stage, but delays the transition from, the 
primary to the tertiary creep region. It is thus considered 
that the creep strengthening mechanisms are different 
between the reduction in Mn and the increase in B- 
oonterit. Figure 4 summarizes the effect of Mn- and 




so 



1* IS . 20 *l 22 
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^content on the creep rupture strength as a function of 
Larson-Mfflef Parameter (LMP), in which 20 is chosen 
as the LMP constant, it is confirmed that the reduction 
in Ma-content contributes to the creep resistance between 
18,5 and 2L5 in a LMP. On the other hand, the increase 
tn B-content contributes to that over 19.5 In LMP. 

Figure 5 shows the rpicrostructure of cross sections 
from specimens ruptured at 923 K at the applied stress 
of 88.2 MPa. It. can be seen that an increase in Mn-contcnt 
enhances the recrystajii2ation and cavity growth. In the 
specimens with 40ppniB steels, the creep cavities have 
mainly initiated and propagated along fmite/femte grain 
boundaries, which have been newly fortnsd by a dynamic 
recrystallization. Aft increase in B-content. however, 
remarkably retarded the dynamic recrystaJJization and 
thereby suppressed the localization of creep strain. In 
specimens with ?5ppmB, the initiation site of creep 
cavities seems to be former austenitc grain boundaries, 
but the cavities propagate into ferrite grains that are 
locally formed around former grain boundaries as shown 
in 6(a). As shown in Fig. €(b) > however, a long 
exposure time at a low applied stress has promoted the 
dynamic rec^srallizfltion and then ruptured at ferrite/ 
ferrite boundaries even in the specimens with a higher 
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amount of B. 

3.2. Micmstructore Evolution daring Long Time Aging 
Figures 7 and 8 show transmission electron micro- 
graphs of extraction replica from the specimens 
normalized, normalise^ and tempered, and aged for 
lOOOOhr at 873 K. In tfoe specimens normalized, Fe s C 
type carbide has hem observed inside grains. In addition, 
the fine precipitates have been identified as NbN/and 
NbC, which can be distinguish from the compositions 
since the former mainly consists of Nb and the latter 
includes the smajl amount of W as shown in Fig. 8. In 
the case of the specimen tempered. M 2s C d type carbide 
which contains a higher amount of Fe is observed to 
precipitate along former austenfte grain boundaries. 
Inside grain*, fine MX type carbides consisting of V and 
W has precipitated with high density along lath interfaces 
aatf dislocauons. M,Ci type carbide is also observed 
inside grains in the tempered specimens. In the specimens 
aged for a long rime at 873 K and 923 K, coarse M 6 C 
type carbide, which contains more than 60 mas$% of W* 
has extensively observed along grain boundaries and 
inside grains. Table % shows the compositions for each 
precipitate obtained by a quantitative analysis using 
EDX It seems that the tempering protnote* the pre- 
cipitation of M W C«, and wolves Fe a C into M ? C, 
with a concentnition of Cr. The following aging makes 
M Z3 C 6 and M 7 C a evolve into M C C with a concentration 
of W. TEM observation has suggested that the dynamic 
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Tie* 9s TJ3M kivjgc from a rhin foil to UjeO.30M»-4GwfflciB 
. wee) cr*pl 2% fan sixain at 923 K. 




16, TEM image from a thi* foil in the GJOMn-ttfcpaiB 
sceet &ged for 10000 hr at 823 K. 



recrystallizaiion has been enhanced around the coarse 
M 0 C when the specimen* arc crept a* shown in Fig. 9 
In contrast to the above coarse carbides, the fine MX 
have Kttfe changed in size and composition during 
long-term aging. Figure 10 shows a TEM image of the 
spectDoen aged taken with a high magnincation. Two 
types- of MX, in which spherical parities -with mere than 
20nm in diameter have been identified as (V, W)C and 
the platelet particles with less than lOnm in diameter 
have been identified as Nb(CN). have often observed 
to pin the dislocations. 

FigBre 1 1 show* the amount of the constituent dements 
in the residues extracted from the specimens normalized, 
tempered, and aged for 3O<XMOOO0hr at 873 K and 
m K. In the normalized jpedmena, Nb, W, and Fe arts 
detected, fa the case of specimens tempered at 1 043 K, 
the main constituent elements of precipitates are Fc, Cr t 
W, V, and Nb, Following aging at 8?3K and 923 K 
enhances the precipitation of W. but dissolves a small 
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amount of Cr and V. It is noted thai the increase in 
Mn-content drastically promotes the partitioning of Fe 
and W to precipitates during tempering and aging. The 
influence of B-oontent on the amount of precipitates 
seems to be&cvalfer than that of Mn-content except, that 
iFe partitioning into precipitates slightly increases. The 
amounts of V and Nb precipitated have been almost 
similar in every specimen. 

Figure 12 shows the intensity ratio of X-ray diffraction 
spectra for M 23 C«, M,C 3% and M«C taken from the 
extracted residues from the specimens normalized and 
tempered, and aged up to \ 0000 hr at 873 K and 923 K. 
The volume fraction of each carbide is estimated by using 
the X-ray diffraction ratio to that of VQrVC^* 
v C ( «o> + VC rtu J/?) as follows; U, 

«<iao^+ M Z3 C*|« 3 ^+ M 23 C^33 t) /3}/VC 

KM 

[{M^C^oo,+M fl C^ B(J +M tf C^^}/3]Ar > 

rcspectivcly.Jn the above expression, the subscripts refer 
to the indexes of X-ray diffraction for each crystal lattice 
structure. In the normalized and tempered conditions, 
the intensity of M 2 jC c has increased with the increasing 
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B-conteht and M 7 C 3 has Slightly reduced mih increasing 
Mn contents An important reaction by long-term aging 
is that the volume fractions of M 2e C 6 and M 7 C 3 are 
reduced but that of M 6 C is drastically increased instead. 
The growth rate of M«jC is, however, reduced by a re- 
duction in Mn<oment. In addition, in the spctrmsns 
with a higher amount of B, the volume fraction of M 23 C 6 
is kept higher -during long-term aging. These results 
suggest that Mn leads to a STabilization of M 6 C and B 
is a potent element to stabilize M 2 3 C$. 

Figures 13 and 14 shows the effect of B~conient on 
rhe morphology and dispersion of precipitates. It k 
confirmed that an increase in B-content leaves Uie fine 
MjjQs on the former austeoitc grain boundaries even 
afier aging for 10 000 hr a: 873 K, As for the precipitation 
morphology inside grains, it can, be seen that MX is 
localized with high density around lath interface, and 
additionally, filmy precipitates cover the lath interface 
in the specimens with higher amount of B. 

4. DiscaasSon 

The present study has shown that the creep properties 
of 0.06C-2.25Cr-i.6W-0.1Mo-0.25V-0.05Nb steels 
have changed co a great extent by Mn or B-content. In * 
addition, it is found that Mn and B-content affects the 
morphology of carbides, dynamic recrvstalli2ation be* 
havior, and creep cavity formations. 

One of the most significant results is that a reduction 
in Mn-content lowers the minimum creep rate, resulting 
in rhe increase of the creep rupture strength. From the 
point of precipitation properties, it is found that the creep 
rate-at the primary creep stage has a good relationship 
with the growth rate of M^C ft. appears that, therefore, 
the growth of M ft C is retarded with reducing Mn-content. 
This also means thot the content of W in solution i* kept 
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TEM CTAgoi showing the eficct of SUcooxeot oa a 
n>orpMog> of precipitates inside grains. 



higher in the specimens with lower amount of Mm since 
W is a main constituent element of M 6 C. Several features 
on the effect of dissolved W on the creep streogth are 
notice We. It is widely recogni2ed that W has a strong 
solution st^etsgtfaeniBi^ effect due to the difference in 
atomic radii between itself and iron, 50 It is also notable 
that its slow diffusion retards the migration of interface, 
and then raises the recovery and recrystaniaation tem- 
peratures.*" ia) in addition, Monrna ef aL have Known 
that the interaction between dislocations and dissolved 
W is strong due to the Intenutiai-Solute atmosphere and 
explained the mechanism of a solution strengthening due 
to W m tow alloy steels. 12 " l4> Ih the present creep test 
conditions, the creep rate in the primary creep stage has 
been significantly reduced, and this stage has been 
prolonged with iTKreaangthe; di»orved W. This suggests 
that the dislocation mobility reduces due to the increase 
in dissolved W, resulting in a delay of the dynamic re- 
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Fi*. II Calculated phase tibisnw of 0.06C-Z2SCr -I SW- 
0,JMo~0.25V-O.OShfb-(O t 5Mft} by using 7h?wao- 

crystallization. 

Calculated phase diagrams of 0.06-2.250-1.6^- 
ai.Mo-0.05Nb with 0%Mn and 0,5% Mn by using 
Thermo-Qtlc arc shown in Ftg. 15. According to the 
equilibrium phase diagrams, precipitates expected for the 
specimens aged at temperatures heiwecn S73 K and 973 K 
are MX, M U C* and M 6 C. A big difference caused by 
the reduction in Mn-cootcm is a rise in (3t+M J3 C 6 + 
M 6 C)/y transformation temperature and an enlargement 
of M 23 Q cquilibriurn region; In addition, the therriio- 
dyrjuunjc calculation has also shown that the Gtbbs free 
energy of a-phase retoiivdy reduces by 5% and increases 
that of M«C by 5 % with reducing Mn^content from 0.5 
to 0%. This suggests that the reduction in Mn-content 
leads to the stabilization of bainile matrix phase, but 
reduces the stabilization of M ft C It may be understood 
that the mass transport and mjcrostnicturc evolution is 
retarded by the reduction in Mn-contcnt. 

Another significant result is that an increase in 8- 
contenc changes the creep, rate slightly in the primary 
creep stage> but remarkably prolonged the primary creep 
stage, and then delayed the tertiary creep stage. Micro- 
structures observations have shown that a dynamic re- 
crystailixation during creep is inhibited in the specimens 
with a higher amount of B, It is found that there is ijttJe 
difference in total amount of M 5 C between the specimens 
with lower 8 and higher B. In tha specimens with a higher 
amount of B, however, finer M 23 Q, which precipitated 
during tempering, has been left along grain boundaries 
after long-term aging. This suggests that an increase in 
B-concent stabilizes M n C 6 which tends to precipitate 
along grain boundaries. SEM and TEM observation has 
characterized the effect of B-content on microstructur- 
al degradations as follows. Generally, slide of former 
austenite grain boundaries, enhances the stress concentra- 
tion at: the meeting grain boundaries, leading, to the 
dynamic recrystelluation at. high temperatures, In the 
specimens with a higher amount of B, however, the fine 
M 2i C & is found to cover the former austenite grain 
boundaries with high density. Therefore, it is considered 
that the M a .,C« places an obstacle for the grain boundary 
sliding and then inhibits the stress concentration and the 
following dynamic rccrystaliization. 



Several works have already recognized that B is easy 
to segregate to former austenite grain boundaries and 
increase the cohesive strength of grain boundaries, 
resulting in the. good hardenability by suppressing rhc 
nudcatiow of fcrrite. 15 -* 7 * On the other hand, B often 
makes precipitates such as BN, M 2i (C f B) 6l M^QB), 
Fe 2 B, and Boron constituent in tow alloy steels. 15 * In 
the present specimens, the precipitate along grain 
boundaries is identified as same crystal structure as 
M 25 C 6 by the analysis of electron diffraction patterns. 
Tt is now unpossiblc to distinguish between M 13 (C\ B} 6 
and M 23 C$ by. electron and X-ray diffraction analysis. 
However, considering that an increase in B-content 
enhances the M 23 C r type carbide and keeps it during a 
long time aging. B-parritiooing is expected to stabilize 
the M 2a Cc type carbide. 

There r$ another feature on the precipitate morphology 
in the specunens with higher amount of B. As shown in 
Fig, 14, MX has localized with a high density around 
the lath imerfaco, in addition, filmy precipitates covered 
the lath interface after tempering and following aging. 
It is. explained that the increase, in B-content form the 
high energy lath boundary after normalizing, and as 
a result, localize the MX and filmy precipitates alori^ 
the lath boundaries; Tncse nJrny precipitates have not 
been identified yet Some worjes, however, have exhibit- 
ed the possibility of M 23 (G, B) fi precipitation along 
kth interfaces not only along former austenite grain 
boundaries.' 9) It is considered that the . dense precipi- 
tation and/or filmy precipitation covering the laUi 
interfaces iuhibh the boundary migration and then * 
suppress the trynarnic rcorystaUiTation, 

From these considerations, the following pictures 
can be obtained to explain the creep deformation prop- 
erties in 0-06G-2.25Cr-l.6W-0aMQ-0.25V^),O5Nb . 
steels. The creep strain is controlled by the amount of 
W in solution, which.retards the. dislocation recovery and 
increases a work hardening rate. On the other hand, the 
stabilization of M 23 C* and/or M^(C, B) A suppresses the 
grain boundary sliding and migration, and as a result, 
delays the tertiary creep stage. As a result, it is concluded 
that the reduction in Mn is effective between 18.5 to 20.5 
in LNfP, on the. other hand, the increase in B is effective 
over !9.5 in LMF due to the above different strengthening 
mechanisms. 

GHstiustana 

The effects of Mn and B-content on creep properties 
of 0.660-2.250-1 .6W~£. lMo^.25V~0.0SNb have been 
investigated from the point of microstnictural stability. 
With decreasing Mn-conieiit from 0.5 mass% to 0.01 
massVfl, the creep rate- has been reduced, and as a 
result, the lifetime to rupture has been increased. The 
increase in. B front 40ppm up to 7Sppm has also in- 
creased the lifetime due to delaying the tertiary creep 
stage. 

The important, precipitates controlling the creep 
deformation are MX, M 2i C tf , and M«C The KfX is 
effective to pin the dislocations and then increase the 
creep resistance. M 23 C 6 mainly precipitates along former 
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grain boundaries when the specimens arc tempered just 
behind Acl temperatures. The M 2S Q S however, evolve 
to M 6 C with a concentration of W. 

The redaction in Mn-content deiays the evolution into 
M 6 C, resulting in the increase in the amount of W in 
solution. It is found, therefore^ that the minimum creep 
rate l is controlled by the amount of dissolved W. On the 
other hand.an increase in &<ontem stabilizes M X j(C»B&j 
along gTain boundaries which suppress the grain 
boundary siidiog and migrations, and thereby the dy- 
namic recrystahzattco. 

It is concluded that the amount of solute W governs 
the creep resistance mainly in the primary creep stage, 
and precipitates along grain or lath boundaries affect ihe 
transition to the tertiary creep in O;06C-2.25Cr-L6W- 
0.1Mo-0.25V-0,05Nb. 
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